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Double eyewall structure of hurricane Gilbert on
September 14, 1988, near Cozumel Island, Yucatan.

The devastating peak wind and rainfall occurs in the hurricane
eyewalls. The moat is an area of lesser wind and rainfall
between the two eyewalls. Superimposed on the radar picture
is the aircraft’s track and wind at about 2600 meters (8500 feet)
(wind barbs and flags in knots). See article on page 4.
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From the Editorial Supervisor

This issue features a fascinating interview with Dr. Hugh
Willoughby, head of the Hurricane Research Division of
NOAAs Atlantic Oceanographic and Meteorological
Laboratories, on concentric (double) hurricane eyewalls.
Hurricane eyewalls are the nearly circular ring of thunder-
storm-like cloud towers surrounding the often clear, nearly
calm center or eye of the storm. The eyewalls contain the
devastating peak wind and rainfall of the hurricane and can
extend up to 10 miles high in the atmosphere. While most
hurricanes have a single eyewall, many major category 3 or
stronger hurricanes (50 % or more) develop the double eye
wall structure.The double structure usually lasts a day or
two, with the inner wall eventually dissipating as the outer
wall contracts in to become the new single eyewall (going
through an entire eyewall replacement). See the article for
details.

This issue also contains the AMVER rescue report for
1999. Participation in the AMVER program was at an all
time high with a record 4,813 vessels receiving AMVER
participation awards for 1999 (the previous record was
4,095 vessels in 1998). To receive the participation award,
a vessel must be on the AMVER Plot for at least 128 days.
Nine vessels were nominated for special AMVER awards
for their role in notable rescue efforts. Five vessels actually
receive special awards, which are sponsored by Lloyds List
(a UK trade newspaper), Safety at Sea Magazine (UK), the
Association For Rescues at Sea (an organization of retired

The Secretary of Commerce has determined that the publication of this
periodical is necessary in the transaction of the public business required by
of this department. Use of funds for printing this periodical has been approy
by the director of the Office of Management and Budget through Decembe
1999.

The Mariners Weather Log (ISSN: 0025-3367) is published by the National
Weather Service, Office of Meteorology, Integrated Hydrometeorological

Services Core, Silver Spring, Maryland, (301) 713-1677, Ext. 134. Fundingl|is

provided by the National Weather Service, and the National Environmental
Satellite, Data, and Information Service Navy. Data is provided by the Natig

Climatic Data Center.

Navy and U.S. Coast Guard Admirals), KPN Station 12
| (the Dutch signatory to COMSAT), and the New York
-1 Chapter of the Navy League of the United States (a
lobbying organization for maritime services). Please
contact Mr. Rick Kenney, the AMVER Maritime Relations
Officer for more information (see contact information in
the back of this publication).

nal Martin S. Baror.
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http://www.noaa.gov
http://www.nws.noaa.gov
http://www.vos.noaa.gov
http://seas.nos.noaa.gov/seas
http://www.nws.noaa.gov/om/|
mwl/mwl.htm
http://www.nws.noaa.gov/om/
marine/home.htm

Marine Dissemination

See these webpages for further links.
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Concentric Eyewalls of Hurricanes

An Interview with Dr. Hugh E. Willoughby

Debi lacovelli
Tropical Weather Specialist
Coral Gables, Florida

Editor's Note: This interview was While the eye of a hurricane As a hurricane becomes intense,
conducted in 1993. Dr. Willoughbycontains a column of sinking air, the eyewall (the area of rising air
is currently the director of the the large convective spiral bands and convection surrounding the
Hurricane Research Division of  surrounding the center are com- eye) begins to contract and get
the Atlantic Oceanographic and prised of air that is rising. Near thesmaller. It shrinks towards the
Meteorological Laboratories in  tropopause (the top of the tropo- center because latent heat (heat
Miami, Florida. sphere, at about 50,000 feet, or released due to the condensation
15,250 meters), as most of the  of water vapor to form cloud
The eye of a hurricane is a rising air is forced to diverge awaydroplets) released in the rings
spectacular view from any from the storm, the Coriolis force causes warmer air to enter the top
satellite image. It is one of (deflection of air flow to the right of the hurricane’s eye. The eye
nature’s most beautiful arrays,  in the northern hemisphere due tobecomes warmer as a result.
strikingly unigue from the rest of the rotation of the earth) gives it a
the storm. While one eyewall is anclockwise twist outward. How-  The formation of a secondary
expected feature of an intense  ever, not all of this air moves eyewall around the original one
cyclone, the subject of double away from the storm—some occurs no differently than the
eyewalls is sometimes shrouded imoves into the eye itself, and the formation of the original eyewall.
mystery, even among those of us inward clash of air causes sinking In fact, it would not be wrong to
who are familiar with the subject motion. As this air sinks, it warms think of a hurricane with concen-
of tropical meteorology. But the by compression. This causes the tric eyewalls as two hurricanes,

second eyewall of the hurricane air in the eye to dry out and with the smaller one within the
forms in a similar manner as the explains why the eye is typically eye of the larger one. Tropical
first. Let's examine this a bit cloud-free. cyclones with concentric eyewalls
closer.

Continued on Page 5
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Concentric Eyewalls movement of air) over the inner  Tropical cyclones which attain
Continued from Page 4 eyewall, disrupting the circulation maximum wind speeds of greater

_ _ _ of the inner eyewall, and causing than 164 feet per second (greater
undergo cycles in which the inner e cenral pressure of the hurri- than 50 meters per second, 110

eyewall is replaced by the outer  .ong ¢ rise and the wind to mph, or 97 knots) for 1 minute
one, which sometimes causes a \yaaren. A concentric eyewall ~ average mean wind speeds create
decrease in the intensity of the  atern can exist unimpeded if thea closed eyewall near the storm
system. Itis thought that this system is out over open water, butcenter, surrounded by spiral rain
weakening occurs because the a5y times this concentric bands. Many times during rapid
dominating outer eyewall may bar gy eyl arrangement will not intensification the spiral rain

the flow of saturated air into the

) survive if the hurricane is close to bands form complete or partial
center of the hurricane.

land (circulation over land robs  rings around the original eyewall.
_ - the hurricane of its fuel: water ~ This secondary eyewall usually
As the outer eyewall intensifies  \5qr from the sea surface and ~ contains well-defined maximum

and contracts inward, this induces|,tent heat released as a result of winds and heavy precipitation.
a secondary circulation with condensation).

strong subsidence (downward Continued on Page 6

Hurricane Floyd
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A west to east pass across Hurricane Floyd when it was a Category 4 hurricane east of Miami, heading west. This
graph compares wind measured at 6 km with that sensed at the surface by the stepped frequency microwave
radiometer. The radar reflectivity image at the upper right shows the concentric eye outlined by precipitation,

and the wind profiles exhibit a clear double maximum.
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Concentric Eyewalls the other side. | thought, “Gee, = WWR: So when the inner eyewall
Continued from Page 5 that's funny!” Because what | had becomes more vertical, does this
always been taught is that the weaken the hurricane?
This arrangement of inner and  \yinds increased towards the
outer eyewall regions are referred center of a hurricane. That episodélW: Yes. The same thing that
to as “concentric eyewalls.” started me thinking. The first P3  would cause it to become more

) _ Orion data set | looked at was vertical is also producing a sinking
Foremost in concentric eyewall  Hyrricane Anita in 1977. There  motion over the whole inner eye
research and investigation is Dr. \yas a concentric eyewall, but  structure. This tends to keep the
Hugh E. Willoughby of the there was never a replacement. It convection from perking along the
Hurricane Research Division went onshore before the replace- way it did before the outer eyewall
(HRD) in Miami, Florida. Born at  yent happened. Anita and Hurri- formed.
the end of World War I, Dr. cane David both pointed towards
Willoughby attended the Univer- he concentric eyewall idea, and WWR: Tell us about the concen-
sity of Arizona and received & then when Hurricane Allen came tric eyewall pattern in Hurricane

Bachelor's degree in Geophysics 4i0ng, my mind was prepared, andGilbert.
and Geochemistry. After serving | suddenly realized what was

in the Navy as a reconnaissance ggjing on, HW: The sight at maximum
meteorologist on the island of intensity showed what looked like
Guam, Dr. Willoughby received  \\wR: Can you tell us about the to be an outer eyewall forming,

his doctorate in Atmospheric structure of the eyewall of a and then, right at landfall, there

Sciences from the University of  yrricane and how having an outewere very clear, very striking

Miami in 1977. Dr. Willoughby  eyewall can influence the structureoncentric eyewall patterns.
was kind enough to grant this of the inner one?

interview for the Weather Watcher WWR: Was this concentric

Review: HW: The eyewall, in all of our ~ eyewall pattern noticeable on

observations, is sort of cone- radar reflectivity?
WWR: When was your first flight shaped. It's more narrow at the
into a hurricane with the Navy?  pottom than the top. The slope of HW: Oh yes, definitely. What
the eyewall is typically about 45 happened with Gilbert was, of
degrees or less. Sometimes it’s ascourse, you couldn't really tell
1970. much as 60 degrees off the whether the cycle of an outer
_ ) vertical, and 30 degrees up from eyewall replacing the inner one

WWR: When did you first start  ne horizontal. So, it's sortofa  had weakened it or whether the
working on concentric eyewalls in yryncated cone. All our observa- passage over the Yucatan did.
hurricanes? tions seem to show it. The one  Probably both things contributed.

_ exception is when you're actually Then it went out over the Bay of
HW: Well, it started on the last  naying a concentric eyewall Campeche on the West side of the
flight | made with the Navy, which repjacement. The inflow into the Yucatan, and you could still see
was Typhoon Amy in 1971. Iwas inner eye from the outer eye tendsthe old inner eyewall. It was a lot
literally coming back from the 1 hysh the inner eye, and makes larger. The outer eyewall had
Philippines to pack my household yyore vertical. That happened in - managed to shrink just a little bit,
goods and leave Guam. We madeprricane Gilbert pretty clearly.  and those features kind of hung on
one fix on the way back, and | The radar imagery showed that théor the whole way across the Bay
noticed as we were flying into the jyner eye became more vertical orof Campeche until landfall on the

storm that t,he winds would pick  the second day when it was full ofMexican mainland.
up, and we'd fly through rain, and ¢joyds, and started to weaken.
then the winds would drop off on Continued on Page 7

HW: It was Typhoon Olga in
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A photograph of Hurricane Floyd’s eyewall from a NOAA WP-3D reconnaissance airplane (model N43RF) on 13
September 1999 at 1942 UT when the storm was centered at 28 degrees 04 minutes north, 73 degrees 14 minutes
west, with 924 mb central pressure.

Concentric Eyewalls WWR: Were they closed the flight-level winds. We had one
Continued from Page 6 eyewalls? flight and two fixes. The Air

_ Force doesn’t record radar, but
WWR: You published a paper  pw: They were predominantly  their flight-level data was almost
about this in 1992. Has anything c|osed eyewalls. The Air Force  continuous and very, very good
newer come out? And whatare  Regerve Unit was out there almosguality. They sent us an IBM

your current projects? continuously, but the Orions flew floppy disk with their flight-level
only as the storm went by Cape data on it. We found someone who
HW: We haven't seen any concenyagteras. could analyze it the same way we
tric eyewalls since then. I've been do ours. | could track wind
working a little bit more on WWR: Were the Orions flying ~ maxima from one pass to the next,
hurricane motion lately. | feel that jytg this storm, too? and | correlated them the way a
the observational side of concen- geologist would correlate strata

tric eyewall work is pretty much  Hy: we used the P3s. We were just connecting lines. It's a little
completed. We can't justify flying jnterested in comparisonsina  ambiguous. Sometimes you have
the P3-Orion airplane merely 1o ,ymper of fixed instrumented  to ask yourself, “Is this the one |
watch concentric eyewalls, but wep,oys off Hatteras, and we were should be watching, or is it that
still pick up on the reports. also interested in what the surface

winds would be in comparison to Continued on Page 8
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Concentric Eyewalls concentric eyewall that makes thethe main eyewall, so it actually
Continued from Page 7 replacement, where you actually strengthened during eyewall

_ get a weakening of the storm, is areplacement, because the outer
one?" But looking at the general particularly energetic feature that'seyewall was so much stronger
picture, there were seven or eight essentially able to beat out the resthan the pre-existing eyewall.

of these little things in Bob of the competition. And it eventu-

propagating inward, while the gy goes into competition with the WWR: Now, that wasn't the case
pressure just kept going down.  ¢|d eyewall. These concentric  with Hurricane Andrew, was it?
When our airplanes were flying,  eyewalls can exist for a day or two

the storm was also withinthe 55 an eyewall replacement, but thédW: No, in that case it was a clear
range of the radar off Cape storm doesn't really weaken. The classical eyewall replacement, and
Hatteras. | could identify features notjon js that when you're watch- the pressure rose into the low 940s
in their radar reflectivity that | was jnq the central pressure, you get aif | remember right. Then it just

able to track from the flights. But pressyre fall across the main started back down and dropped
these weren't real closed, donut- eyewall where the wind’s really  like crazy.
like eyewalls. Thinking back, I gtrong. This is because of the

wonder if hurricanes don't form  rg|ationship between the pressureWWR: And the pressure fell
this sort of feature fairly regularly. gradient and the wind. And if an  during landfall as well?
) outer wind maximum forms,
WWR: Aren’t concentric eyewall  sometimes it'll get to be stronger HW: It came ashore so fast that it
features common in hurricanes  han the main eyewall before the probably didn't realize it was over

when they attain an average main eyewall has a chance to  land until it was in the Everglades.
central pressure of 926 mb (27.35yeaken. | remember talking to the meteo-
inches)? rologist who was on board the Air

_ WWR: Did the pressure fall when Force airplane. They had made
HW: You see the eyewall replace- g0 made a concentric eyewall?their penetration east of Miami

ments when the winds are more about an hour before landfall. Of
than about 50 meters per second Hyw: No. In fact, that was the course, all the city lights were on.
(112 mph). But | think that thing that was peculiar about ~ Off to the west of them it looked
features like concentric eyewalls, yrricane Hugo—the inner like a beautiful, tropical night in
though not as vigorous, do form ingyewall did not weaken when the Miami. Then as they went from
weaker storms. outer eyewall formed. It was northsouth to north, they got out of the
of Puerto Rico and it weakened storm over the Ft. Lauderdale-
WWR: Would they be closed because the environment was notBoca Raton area. They looked
eyewalls, though? very favorable. It was in westerly around at each other in the cockpit
shear (there were sharp changes iand said, “This is an historical
HW: They're probably closed, or \ying speed vertically upward hurricane. We should go back in!”
mostly closed, in terms of the  {hrough the storm, with wind So they turned around and pen-

dynamics. But the issue is N0t p|owing from west to east), and  etrated the storm again, essentially
whether the convection, orthe  paq pbeen weakened by passage over west Homestead. And then
radar pictures, make a closed ringgyer pyerto Rico. We don't have they got down in the Keys, and

It's whether there’s a wind maxi- yery good data, but we think that decided that they’d go back and do
mum. That's the crucial thing in  \yhen it reintensified and actually it again! So we have multiple wind
terms of making it look differently made the eyewall that hit Charles-profiles across Andrew as it went
from a spiral band, although somegp that feature formed along  ashore.

spiral bands have wind maxima i”ways out on a fairly flat wind

them too. The idea is thatthe  pofile. It swept inward to become

Continued on Page 9
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Concentric Eyewalls WWR: What would 75 meters per penetrations into the eye. I've got
Continued from Page 8 second at flight level be extrapo- my book right here. Let’s see, I'll

lated to in terms of surface wind give you the accurate statistics.
WWR: That’s rare. Reconnais- speeds?
sance is usually carried out over WWR: We'd be most interested in
water. HW: That's a good question, that.

because you can't really compute
HW: Yes, that's very rare. They  that. They were at the 700 mb ~ HW: Three hundred and thirty-
were in severe turbulence a good |eyel, or 3 kilometers in altitude  five penetrations. That includes
part of the time. For an experi- (10,000 feet). Extrapolated to the some typhoons when | was in the
enced hurricane meteorologist t0 g rface, that's roughly 150 knots Navy, but mostly hurricanes. We
say “severe turbulence,” he meang173 mph). The National Hurri-  made two penetrations into

severe turbulence. cane Center’s figure of 145 knots Typhoon Robyn while | was in
o _ (167 mph), is, | suppose, the Guam during August 1993. We
WWR: Even flying into a Florida  official maximum. were interested in weak systems,

thunderstorm is more dangerous but one of the systems managed to

than penetrating a hurricane that'sywR: Are you in agreement with provide us with an excuse to

over land. that? investigate Typhoon Robyn. It was
_ really a lot of fun, because the Air

HW: Yes, that's true. I've been in {: ves, | am. Not simply Force airplanes don’t have as nice

severe turbulence maybe three or pecayse of the wind speeds, but of a radar system as the P3-Orions

four times in hurricanes or ty- more so because of the pressure do, so it was a lot of running

phoons. Anyway, they probably  readings. The best pressure things off of maps in the back of

had a very wild ride. They could  (eading that we could get was 922the airplane, and not being able to

see the transformers flickering outmp (27,23 inches of mercury),  see. It was a lot more artistic than

on the ground. There’'d be a huge \yhich comes from a brave soul  what we do with the P3s.

flash of light and the sub-station \yho huddled in the wreckage of

would destroy_ltse_lf. TheY_ his house under a mattress reading/WR: You sure have an interest-

watched the city lights going out  his parometer with a flashlight!  ing perspective on tropical meteo-

block by block. One of the guys I There have been a lot of similar  rology.

work with lives farther south of reports which have been consis-

Mlaml than | do, and _he an_d his  tent with one another. The 922 mbHW: A Iot of the way | think

family were huddled in their reading puts you at the low about meteorology is similar to the

bathroom. It was either him or onepoungdary of Category 5, and this way a geologist thinks. My

of his neighbors who claimed that co(relates well, since the 150 knottraining in geology just gives me a

they could hear an airplane. The gpeeqd would also put you into  different perspective. | get people

nelghbo_rhood wasn’t everin the Category 5. But that’s just specu- complaining to me, “Why do you

eye, so it was actually kind of |ation from flight level, and it waste your time with these

dubious as to whether they heard \yoy|d have to be something like crummy observations?” on one

the airplane, but it did go right  ggos of that at most for sustained side, and on the other it's, “Well,

over them. The reconnaissance yings, gee! You do great work if it didn’t
plane measured their strongest have all that mathematics in it.” |
winds a mile east of Kendall  \x\wWR: Have you flown into many feel that research in meteorology
Campus over Miami Dade Junior rgpjcal cyclones, Dr. Willoughby? uses the language of mathematical
College, which was 75 meters per physics, but it’s still an observa-

second (168 mph) at flight level. . Of the active research peopleional natural science like geology,
in this lab (HRD) | have the most biology, or astronomy.
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Great Lakes Wrecks—
The Wreck of the Aycliffe Hall

Skip Gillham
Vineland, Ontario, Canada

bulk carrier built at South the 612 foot long American ore
Bank on Tees, England in carrierEdward J. Berwind, met
1928. Construction did not take  Aycliffe Hall with devastating
long. The keel was laid January results. The port side of the
15, the hull launched March 22, smaller ship was ripped open at

A ycliffe Hall was a small ~ on Lake Erie. Near Long Point,

e 2 Great Lakes Wrecks

The ship plunged to the bottom for
good. In 1939 the vessel was
relocated and all rigging was
blown clear by explosives so as
not to be a hazard to navigation.

and on April 16 the 258.5 foot the after hold. The damage could Edward J. Berwind was repaired

long freighter sailed for North not be contained. All nineteen

and later sailed ddathew

America. crew members were rescued and Andrews, Blanche Hindman,

the ship sank as early morning
This was the first in a series of  light filtered through the haze.
new vessels for the recently
reorganized Hall fleet. It was also An attempt at salvage brought
the first to use what was to Aycliffe Hall to the surface in the
become the company standard of fall, but the two months of work
having names end with “cliffe were wasted when the pontoons
Hall.” holding the bow were dislodged

by a storm.

andLac Ste. Annebefore being
scrapped at Port Colborne,
Ontario, in 1986.

Note: Skip Gillham is the author
of 18 books, most related to Great
Lakes ships and shippirig.

Aycliffe Hall had six hatches and n

two cargo holds. On the first trip it |

loaded 2,200 tons of fluorspar at

Middleborough, England, for

Sault Ste. Marie, Ontario. It also

took a 65 foot long tug, the

Vigilant, as deck cargo as far as :

Sorel, Quebec. ' i m
m——

Coal, grain, and pulpwood were
the key cargoes and the vessel
sailed on the Great Lakes, St.
Lawrence, and east to Halifax,
Nova Scotia, and Saint John, Ne
Brunswick.

On June 11, 193@&ycliffe Hall

The Aycliffe Hall sank as a result of a collision with th&dward J. Berwind

was upbound and in ballast_trying on June 11, 1936. This happened in dense fog on Lake Erie, near Long
to penetrate dense, late spring fogpoint. All 19 crew members were rescued.
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The NWS Coastal Marine Forecast

Richard May
National Weather Service
Silver Spring, Maryland

The coastal waters marine  The product includes headlines States and its territories was more

forecast (CWF) is a whenever any of the following are than doubled during the late

National Weather Service issued: 1990s. More WFOs issuing
(NWS) product designed to serve marine forecasts for smaller areas
the widest variety of maritime - Small Craft Advisory will produce greater forecast
activities. The product is issued - Gale Warning accuracy. The coastal marine
for mariners in small craft staying - Storm Warning forecast service transfers among
near the shore, and for the larger - Hurricane Warning the WFOs were completed by
ocean-going vessels that transit - Tropical Storm Warning December 1, 1999. Table 1 shows
the coastal waters. The CWF is all WFOs now issuing coastal

subdivided into separate zones Separate Special Marine Warningsnarine forecasts and warnings.

covering coastal marine areas, and Marine Weather Statements

bays, harbors, and river entrancesare issued for short term weather Dissemination of Coastal
events such as gusty winds with Marine Forecasts

The CWEF is issued four times thunderstorms. Marine Weather

daily by the coastal Weather Statements are also issued for ~Mariners can obtain the CWF
Forecast Offices (WFO) and dense fog. from weather broadcasts, tele-
include a synopsis, headlines of phone recordings, the Internet, and
significant weather (when neces- NWS Modernization and other sources. The most common
sary), forecast text, and a three-toRestructuring NWS dissemination routes are

five day outlook. The forecast text _ _ described below:

goes out 36 to 48 hours and The National Weather Service has

contains wind direction and speedcompleted its modernization and NOAA Weather Radio (NWR):

(in knots), sea heights (in feet), ~restructuring program. For marine The NOAA Weather Radio

and significant weather or visibil- Services, the number of coastal  network provides voice broadcasts
ity restrictions. marine zones around the United

Continued on Page 12
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Coastal Marine Forecast
Continued from Page 11

on VHF channel 22A following an lake forecasts are issued for
initial call on VHF channel 16. waters beyond five nautical miles
_ The USCG VHF network providesfrom shore, during the NSH
of coastal marine forecasts as parhear-continuous coverage of season and for the entire lakes
of a continuous cycle. NWR coastal U.S., Great Lakes, Hawaiiduring the colder months.
utilizes seven frequencies ranging g populated Alaska coastline.
from 162.400 to 162.550 mHz.  Typjcal coverage is 25 nm off-  The Near-Shore forecast is issued
The NWR network covers nearly gpore. four times daily, from spring
all of the coa_s_tal U.S., Great through fall, by the ten Great
Lakes, Hawaii, populated Alaska |nternet: NWS coastal marine  Lakes WFOs (see Table 2). The
coastline, Guam and the northem ¢qrecasts can be accessed from  forecast text goes out 36 to 48
Mariana Islands, and Puerto RicO ptp:/mww.nws.noaa.goviom/  hours and contains wind direction
and the Virgin Islands. Typical  marine/forecast.htm and speed (in knots), wave heights
coverage is 25 nm offshore. (in feet), and significant weather

) For marine product dissemination or visibility restrictions. Headlines
NOAA Telephone Recordings: jnformation, please visit: http:/  are included in the Near-Shore
Most NWS offices offer the latest \y.nws.noaa.goviom/marine/  forecast whenever small craft

coastal marine forecasts on home.htm advisories, gale warnings, or storm
telephone recordings. These warnings are issued.

telephone numbers are usually  gGreat Lakes
listed in the telephone directory
white pages under “United States The Great Lakes Near-Shore

Separate Special Marine Warnings
and Marine Weather Statements

Government,” “Commerce forecast (NSH) is the CWF are issued for short lived weather
Department,” “National Weather = equivalent for the Great Lakes. o\ ants gych as thunderstorms with
Service.” The NSH.covers specific marine gusty winds crossing the lakes.

_ Zones whlch_exten'd from shore Marine Weather Statements are
U.S. Coast Guard VHF \bice: ~ out five nautical miles. Great also issued for visibility restric-

U.S. Coast Quard broadcasts Lakes marine zones a!so include tions in dense fog or snow.
coastal marine forecasts and storrhays and connecting rivers. Open
warnings of interest to the mariner

Continued on Page 13

Table 1

Weather Forecast Offices (WFO) Issuing the Coastal Marine Foreast (CWF)

WFO Caribou ME
WFO Portland ME
WFO Boston MA
WFO New York City
WFO Philadelphia PA

WFO Wakefield VA
WFO Newport NC
WFO Wilmington NC
WFOQO Charleston SC
WFO Jacksonville FL
WFO Melbourne FL

WFO Baltimore MD/Washington DC

WFO Miami FL

WFO San Juan PR
WFO Key West FL
WFO Tampa Bay FL
WFO Tallahassee FL
WFO Mobile AL

WFO New Orleans LA
WFO Lake Charles LA
WFO Houston TX
WFO Corpus Christi TX
WFO Brownsville TX
WFO Seattle WA

WFO Portland OR
WFO Medford OR
WFO Eureka CA
WFO San Francisco CA
WFO Los Angeles CA
WFO San Diego CA
WFO Juneau AK
WFO Anchorage AK
WFO Fairbanks AK
WFO Honolulu HI
WFO Guam

WSO Pago Pago, American Samoa
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Continued from Page 12
Table 2

Weather Forecast Offices (WFO) Issuing the Near Shore Forecast (NSF)

WFO Duluth MN WFO Milwaukee WI
WFU Marquette Ml WFO Chicago IL

WFO Gaylord Ml WFO Grand Rapids Ml
WEFO Detroit Ml WEFO Cleveland OH
WFO Green Bay WI WFO Buffalo NY

FZUS56 KLOX 151725

CWFLAX

COASTAL MARINE FORECAST

NATIONAL WEATHER SERVICE LOS ANGELES/OXNARD CA
830 AM PST WED MAR 15 2000

PZ7600-152230-
SYNOPSIS FOR SOUTHERN CALIFORNIA COAST AND SANTA BARBARA CHANNEL
830 AM PST WED MAR 15 2000

AT 187...10 AM LOCAL TIME...A 1027 MB HIGH WILL BE 600 NM WEST OF POINT

CONCEPTION WITH A RIDGE EXTENDING TO A 1029 MB HIGH OVER NORTHERN

IDAHO. STRONG NW FLOW WILL CONTINUE ACROSS THE OUTER WATERS OF CENTRAL AND SOUTHERN
CALIFORNIA...WITH INCREASING ONSHORE FLOW ACROSS THE INNER

WATERS.
$$

PZZ670-152230-
POINT PIEDRAS BLANCAS TO POINT ARGUELLO AND OUT 60 NM
830 AM PST WED MAR 15 2000

...SMALL CRAFT ADVISORY...

.TODAY...WIND NW 20 TO 25 KT WITH WIND WAVES 4 FEET...INCREASING TO 25

TO 30 KT WITH LOCALLY STRONGER GUSTS AND WIND WAVES 5 FEET IN THE

AFTERNOON. SWELL NW 8 FEET. PATCHY MORNING FOG. .TONIGHT...WIND NW 25 TO 30 KT. WIND WAVES 5
FEET. SWELL NW 8 FEET. PATCHY FOG. THU...WIND NW 20 TO 25 KT WITH WIND WAVES 4
FEET...INCREASING TO 25 TO 30 KT WITH LOCALLY STRONGER GUSTS AND WIND WAVES 5 FEET IN THE
AFTERNOON. SWELL NW 9 FEET. PATCHY MORNING FOG.

$$

PZZ7673-152230-
POINT ARGUELLO TO SANTA CRUZ ISLAND AND OUT 60 NM _830 AM PST WED MAR 15 2000

...GALE WARNING...

.TODAY...WIND NW 25 KT WITH WIND WAVES 4 FEET...INCREASING TO 30 TO 35

Continued on Page 14
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Continued from Page 13

KT WITH LOCALLY STRONGER GUSTS AND WIND WAVES 6 FEET IN THE AFTERNOON.

SWELL NW 8 FEET. PATCHY MORNING FOG. .TONIGHT...WIND NW 30 TO 35 KT WITH WIND WAVES 6
FEET...LOWERING TO 25 KT WITH WIND WAVES 4 FEET OVERNIGHT. SWELL NW 8 FEET. PATCHY FOG.
THU...WIND NW 25 KT WITH WIND WAVES 4 FEET...INCREASING TO 30 TO 35 KT WITH LOCALLY STRONGER
GUSTS AND WIND WAVES 6 FEET IN THE AFTERNOON. SWELL NW 9 FEET. PATCHY MORNING FOG.

$$

PZZ7676-152230-
OUTER WATERS SANTA CRUZ ISL TO MEXICAN BORDER
830 AM PST WED MAR 15 2000

...SMALL CRAFT ADVISORY...

.TODAY...WIND NW 15 TO 20 KT INCREASING TO 20 TO 25 KT WITH LOCALLY

STRONGER GUSTS BY AFTERNOON. WIND WAVES 4 FEET. SWELL NW 9 FEET. PATCHY MORNING FOG.
.TONIGHT...WIND N TO NW 20 TO 25 KT WITH LOCALLY STRONGER GUSTS. WIND WAVES 4 FEET. SWELL NW 9
FEET. PATCHY FOG.

.THU...WIND NW 20 TO 25 KT WITH LOCALLY STRONGER GUSTS. WIND WAVES 4

FEET. SWELL NW 9 FEET. PATCHY MORNING FOG.

$$

PZ7650-152230-
EAST SANTA BARBARA CHANNEL
830 AM PST WED MAR 15 2000

.TODAY...WIND LIGHT...BECOMING W 10 TO 15 KT WITH WIND WAVES 2 FEET IN

THE AFTERNOON. SWELL W 6 FEET. PATCHY MORNING FOG. TONIGHT..WIND W TO NW 15 KT WITH WIND
WAVES 2 FEET...BECOMING VARIABLE 10 KT OR LESS OVERNIGHT...EXCEPT FOR LOCAL WIND N 15 TO 20 KT
WITH WIND WAVES 3 FEET BELOW PASSES AND CANYONS. SWELL W 6 FEET. PATCHY FOG.

.THU...WIND LIGHT...BECOMING W TO NW 15 KT WITH WIND WAVES 2 FEET IN THE

AFTERNOON. SWELL W 6 FEET. PATCHY MORNING FOG.

$$

PZZ7655-152230-
INNER WATERS POINT MUGU TO SAN MATEO POINT
830 AM PST WED MAR 15 2000

.TODAY...WIND LIGHT...BECOMING W TO NW 10 TO 15 KT WITH WIND WAVES 2

FEET IN THE AFTERNOON. SWELL W 5 FEET. AREAS OF MORNING FOG.
TONIGHT..WIND W TO NW 10 TO 15 KT WITH WIND WAVES 2 FEET...BECOMING
VARIABLE 10 KT OR LESS OVERNIGHT. SWELL W 4 FEET. PATCHY FOG.

.THU...WIND VARIABLE 10 KT OR LESS...BECOMING W TO NW 10 TO 15 KT WITH
WIND WAVES 2 FEET IN THE AFTERNOON. SWELL W 5 FEET. PATCHY MORNING FOG.
$$

PZ7690-152230-

OUTLOOK FOR SOUTHERN CALIFORNIA OUTER WATERS

830 AM PST WED MAR 15 2000

.FRI THROUGH SUN...WIND NW 15 TO 25 KT. SEAS NEAR 10 FEET.
$$

RORKE
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1999 Amver Business Report—It Was Another Very Good Year!

NUMBER OF SURVIVORS RESCUED: 151
PROGRAM PARTICIPATION GROWTH: 2%
RECORDS NUMBER OF SHIPS ON AVERAGE DAILY PLOT: 2,832
BROKEN: SHIPS RECEIVING PARTICIPATION AWARDS: 4,813
DAILY PLOT ABOVE 2,800 MARK: 254 Days
DAILY PLOT ABOVE 2,900 MARK: 29 Days
HIGHEST DAILY NUMBER OF SHIPS ON PLOT: 2,984
RESPONSE: 167 SHIPS FROM9 COUNTRIES DIVERTED TO ASSIST!

Top Five Nations: United States (35) Japan (26) Norway (20) Greece (10) Denmark/Germany (5)

(Number of ships diverted to assist in rescues)
AWARDS Norway (577) Greece (571) Japan (567) United States (563) United Kingdom (280) (Number of ships that
earned awards for the year; these vessels were on the AMVER plot for at least 128 days during the year)

33 SHIPS FROM 16 COUNTRIES MADE RESCUES!

Owner Countries: Norway (6) United States (5) Japan (4) Germany (3) Singapore (3) Greece (2) Australia (1)

Austria (1) Cayman Islands (1) Chile (1) Cyprus (1) India (1) Mexico (1) Malaysia (1) Russia (1)

Switzerland (1) (Number of ships actually making rescues)

Ships: Jag Rekha (1), Winter Sun (6), National Progress (7), Iron Newcastle (16), Star Dieppe (1), Pacific Venus (1),
Shinoussa (3), Las Sierras (16), C/S Mercury (4), Nordcloud (1), Mac Tide (2), Allegra (1), Team Merkur (3), Shohjin (3),
Star Fraser (2), Asphalt Victory (2), Nuevo Leon (2), Jakov Sverdlov (11), Rio Haina (4), Alicahue (31), Gulf Eagle (3),
Corona Challenge (2), Dorothea Rickmers (2), Endeavor (3), Crown Emerald (1), Laura (2), Nyon (2), CSAV Taipei (1),
ITB Mobile (2), C/S Splendour of the Seas (11), Rubin Iris (3), Elektra (1), Terrier (1)

(Number of people rescued)

ALERTS: 406 MHZ EPIRB ALERTS INITIATED30% OF AMVER CASES
121.5 MHZ EPIRB ALERTS INITIATEDL7% OF AMVER CASES

DIGITAL SELECT CALL (DSC) / INMARSAT-C =6% OF CASES

INCIDENTS: VESSELS DISABLED OR ADRIFT: 23 Cases
VESSELS TAKING ON WATER: 10 Cases
MEDICAL EVACUATIONS: 14 Cases

VESSEL FIRES/SINKINGS: 8 Cases

PERSONS IN WATER: 6 Cases

NOMINATIONS: 9 VESSELS NOMINATED FOR SPECIAL AWARDS:

M/V IRON NEWCASTLE - Austria (AS) flag)

M/V NATIONAL PROGRESS - Singapore(SN) flag
M/V NORDCLOUD - Cyprus (CY) flag

M/V MAC TIDE 63 - United States (US) flag

M/V ATLANTIC HORIZON - United States (US) flag
M/V JAKOV SVERDLOV - Russia (RS) flag

M/V ALICAHUE - Chile (ClI) flag

M/V NYON - Switzerland (SZz) flag

C/S SPLENDOUR OF THE SEAS - Norway (NO) flag
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Tides in Shallow Water

Bruce Parker
National Ocean Service

P
==~ =%, Physical Oceanography

n our December 1998 column pens. Nor did we explain why the glish Channel, in the Severn River
we answered the question fastest tidal currents are found in in England, and along the open

“Why are the tides so predict- the entrances to bays and in

coast of southern Argentina. In a

able?” The question that we did certain straits. We now come backfew rivers a portion of the tide

not fully answer is why huge tidal to this subject to complete the
ranges occur at places like the Bagtory, and describe the many

of Fundy in Nova Scotia, Canada. effects that shallow water can
In that column we did explain that have on tides and tidal currents.
the width and depth of an ocean

basin determines its natural periodlhe increase in tidal range and

wave propagates up the river as a
tumultuous wall of water, called a
tidal bore The largest tidal bores
are found in the Tsientang River
near Hanchow, China, and in the
Amazon River, where at certain

of oscillation and the closer its tidal current speeds that one seestimes they can be greater than 25

natural period is to the principal in the shallow waters of bays,
tidal period (12.42 hours) the rivers and straits can go to dra-
larger the tides in the ocean will matic extremes if the circum-
be. However, the ocean basins aretances are right. Tidal ranges
too wide (and thus their natural reach 50 feet in Minas Basin in
periods of oscillation are too far the Bay of Fundy. Tidal ranges
from the tidal period) for the tides greater than 40 feet occur at the
in the ocean to be of any signifi- northern end of Cook Inlet near
cant size. The largest tides occur Anchorage in Alaska, in the

in shallow waters, at the ends of Magellan Strait in Chile, in the
certain bays, and along coasts witlsulf of Cambay in India, along

feet in height and travel up the
river at a speed of 15 knots.
Smaller bores occur in the
Meghna River in India, in the
Peticodiac River at the end of the
Bay of Fundy, in Turnagain Arm
near Anchorage, and in the Severn
River in England.

Tidal current speeds greater than
15 knots occur in Seymour

very wide continental shelves, andthe Gulf of St. Malo portion of the Narrows, between Vancouver

we didn't explain why that hap-  French coast bordering the En-

Continued on Page 17
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Tides in Shallow Water between case referredtoasa  The long tide wave from the ocean
Continued from Page 16 mixedtide. (A mixed tide has two enters and propagates up a river as
_ ~high waters and two low waters a aprogressive wavehat is, the
Island and the mainland of British g4y, |ike a semidiurnal tide, but  crest of the wave (i.e., high water)
Columbia, Canada. Tidal currents ith one high water much higher moves progressively up the river,
of 10 knots are found in South 4, the other high water and/or as does the trough of the wave
Inian Pass in Southeast Alaska anghe |ow water much lower than ~ (i.e., low water) [see Figure 1]. To
in Kanmon Strait, Japan. In SOme he gther low water.) someone on the shore, the tide
narrow or shallow straits the tidal doesn't look like a wave because
currents create dangerous whirl- The |arge tidal range that we see its wavelength (the distance from
pools ormalstroms Most famous i, pays and rivers is not directly — one crest to the next crest) is

is the whirlpool in the Strait of  generated there by the gravita-  hundreds of miles long and the
Messina (between Sicily and the tjona| forces of the moon and sun.change in water level is very slow,

southern tip of the Italian main-  gych bodies of water are too  there being about 6¥ hours
land) which Homer depicted in hisgmga]|. Only the oceans are large between the arrival of a crest (high
Odysseys the second of two enough for the relatively weak tidewater) and the arrival of the

monsters, Scylla and Charybdis, generating forces to produce an  following trough (low water) and
faced by Ulysses. The malstrom irgppreciable tide (see the Decem- then another 6Y: hours until the
the narrow strait between two of per 1998 column). A verylong  arrival of the next crest. In such a
the southern Loften Islands off  yaye with small amplitude is progressive tide wave, the flood
Norway was a dangerous tidal  generated in the ocean which  currents (i.e., the currents flowing
whirlpool written about by both  hrgpagates toward a coast. Whenup the river) are fastest at approxi-
Jules Verne and Edgar Allan Poe. ihe tide wave reaches the shal- mately the same time as high

] _lower water of the continental water, and the ebb currents (i.e.,
Why are there large tidal ranges inspelf and the even shallower watethe currents flowing down the
some bays but not in others? Why¢ the hays and rivers, it is ampli- river) are fastest at approximately

do only a few rivers have large  fied by a number of hydrodynamicthe same time as low water. Slack

stances cause large tidal current Continued on Page 18
speeds and in some cases large
whirlpools? While it is the astro-
nomical forcing of the tide that is
the basis for the tide’s predictabil- <__ x:vt;;’:;gth
ity, it is the hydrodynamics (i.e., :

the physics of the water move-
ment) of the tide that is respon-
sible for these differences in tidal
effects. And, as we shall see, it is g
the dimensions of the bay or river : T
(and of any adjoining waterways) Slack
that control the hydrodynamics. It
is the length, width, and depth of
the waterway that determines the
tidal range, as well as the specific
times when high and low waters
occur. These dimensions alsO  Figyre 1. The tide propagating up a river as a progressive wave. High

determine whether the tide will be water occurs later as one moves upstream. The tidal wavelength is
semidiurnal, diurnal, or the in- typically on the order of hundreds of miles.

Vi 18 Ocean

River Water

Progressive Tide Wave
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Tides in Shallow Water
Continued from Page 17

water (i.e., when there is no

the tidal currents on the bottom of shallower water because there is
the river, which dissipates energy less water to slow down. In deep
from the tide wave. (The bottom water the energy loss is spread
resists the flow of the water over itover a larger water column, and so

current) occurs approximately  anq slows the water down right

has less effect.)

halfway between the times of highpeyi 1o the bottom. This slower-

water and low water. So as the

moving water then slows the wateiThe greatest amplification of a

progressive tide wave travels pastjust above it, which slows the
an observer on the shore, the wat§{ater above it, and so on. The

flows upstream as the water level ;oygher the bottom the more
rises, reaching a peak flood

tide wave usually occurs in a bay
(or in a river with a dam). In this
case, the tide wave is reflected at

energy that is lost from the wave.) the head of the bay (or at the dam)

current at high tide, then slows upyowever, if the width of the river and travels back down the water-

reverses direction, and flows
downstream as the water level

decreases as the wave moves
upriver, then the tidal range will

way toward the ocean. This
reflectedwave is not observable

drops, reaching a peak ebb flow ahe increased, because the same by someone on the shore because
low tide. energy is being forced through a it is superimposed on the next

_ o _ smaller opening. If the depth of  incoming tide wave that is propa-
If there is nothing in a river to the river decreases there is a gating up the bay, and it is the
impede or stop the tide wave (like gimjlar but less dramatic amplify- combination of the two waves that

a dam or rapids or a sudden

ing effect. Decreasing depths will, one observes. The resulting

decrease in width), it will continue ho\yever, also increase frictional combined wave is calledstand-

wears it down. This decrease in  reqyce the tidal range. (The

tidal range as one goes up the rivefictional effect is stronger in
occurs because of the rubbing of

ing wave because the high and
low waters danot progress up the

Continued on Page 19

Head
of Bay

- H{-Ieight of
A Igh

Tidal Range at
Head of Bay

{zero tide range)
(maximum currents)

- /
- —ndgnet

. —- pow W' Bg

| <4——— 1/4 tidal wavelength —m8m8—————p |

Standing Tide Wave

High Water
at entrance

Tidal Range

Mean Tide Level

~

Low Water
at entrance

Ocean

Figure 2. The tide as a standing wave in a bay. The water level merely moves up and down (the water level is
shown for two extremes, high water and low water). High water occurs at approximately the same time
everywhere, on one side of the node (which is the point of zero tidal range). This is an idealized case assuming

there is no frictional effect. With friction the tidal range at the node is not
progress slightly up the bay.

zero and the times of high water do
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Tides in Shallow Water When length of a bay is exactly ¥ sion of high waters (and low
Continued from page 18 of a tidal wavelength, then a waters) up the bay, and maximum
_ _ situation calledesonanceoccurs, flood or ebb currents will not

bay or river. The water simply  \yhjich creates the largest tides  occur exactly half way between
moves up and down everywhere ghossible. To understand why high water and low water. A basin
the same time (see Figure 2), withresonance occurs we must look atvs of a wavelength long will still
the greatest tidal range at the heaghis from the point of view of the produce the largest possible tidal
of the bay. With a standing wave, gcean tide forcing the water insiderange at the head of the bay, but
the tidal range decreases as one the pay to oscillate. When the  friction keeps that tidal range
moves from the head of the bay \yater in the bay is forced to move much smaller than it would be
toward the ocean entrance, and, ify and down by the tide at the  without friction.

the bay is long enough, reaches agntrance, it will freely oscillate

minimum at one location (called a (sjosh up and down) with a naturaln some bays the very high tidal
nodg and then starts increasing  period that depends directly on itsrange at the head of the bay is due
again. This node occurs at ¥4 of a |ength and inversely on (the to a combination of both a narrow-
tidal wavelength from the head of gqyare root of) its depth. If the  ing width and a near resonant

the bay (see Figure 2). (High basin has the right combination ofsituation (due to the right length
water comes %2 a wavelength  jength and depth so that the and depth). The highest tidal
before low water, so if a high natural period is the same as to theanges may involve several

water travels a distance equal to %jqa| period, then the oscillation amplifications, the bay being

of a tidal wavelength up the bay Ojngige the bay will be synchro-  perhaps connected to a gulf with
the head and then ¥ of awave-  pjzed with the oscillation at the  perhaps a wide continental shelf
length back down the bay, it will - entrance due to the ocean tide. In beyond that, with amplifications
have gone 2 a wavelength and sosther words, the next ocean tide of the tide wave occurring in each
coincide with low water of the  jj| pe raising the water level in  basin. This is the case with the
nextincoming wave, and the tWo e pay at the same time thatit  Bay of Fundy tides, the tide wave
will cancel each other out at that oy|g already be rising due to its being already amplified by the
location, producing a very small  natyral oscillation (stimulated by Gulf of Maine and the continental
tidal range.) High waters occur at the previous ocean tide wave), so shelf prior to entering the Bay of
the same time everywhere on onenat hoth are working together,  Fundy.

side of the node, whichisthe 4,5 making the tidal range inside

same time as low waters occur Onpjgher. Huge tidal ranges are not re-

the other side of the node. For a stricted to bays. If the continental
standing wave the strongest tidal \jost bays actually fall in between shelf is the right combination of
currents do not coincide with high the extremes of pure progressive depth and width, a near resonant
water or low water, butoccur \yaye and pure standing wave  situation can also result. This is
when water I_evel is near mean tidgyescribed above, because friction the reason for the 40-foot tidal
level, approximately halfway reduces the tide wave as it travelsranges along the coast of southern
between the times of high water Thys, the reflected wave will Argentina. The continental shelf
and low water. Atthe times of  gjways be smaller than the incom-there is over 600 miles wide, and
high water and low water there is jq wave, especially near the bay includes the Falkland Islands near
no flow (slack water). The water entrance, and the combination of the edge of the shelf (where the
flows into the bay, stopping the  the two frictionally damped tidal ranges only reach 6 feet).
inward flow at high water, re- progressive waves will not be a  The distance from the Argentinean
verses direction, flows out of the e standing wave. There will be coast to the edge of the shelf is

bay until low water, at which time 4 yoint of zero tidal range, but ~ fairly close to ¥ of a tidal wave-
it reverses again and starts flowingy an area of minimum tidal
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Tides in Shallow Water
Continued from Page 19

length for that depth of water.
Essentially, that wide shelf has a
natural period of oscillation that is
fairly close to the tidal period.

The largest tidal currents in bays
tend to be near the entrances.
Maximum tidal current speeds are
zero right at the head of the bay
(since there is no place for the
water to flow). As one moves
down the bay toward the ocean,
the maximum flood and ebb tidal Figure 3. The spawning of a tidal whirlpool in a narrow strait. The
current speeds increase, with the whirlpool (in the right panel) forms due to the sheltering effect of land
when the strong tidal flow is toward the south. On the east side of the
strait, the coastal flow’s inertia keeps it going northward, until the land
forces it to the west to join with the southerly flow

greatest speeds occurring at the
entrance, or, if the bay is long
enough, at the area of smallest
tidal range (the nodal area).
However, if the width of the bay
decreases at any point, the currensouth moves through the strait, theidal signal due to the declination
speeds will be increased in that current vectors follow the shore- of the moon, north or south of the
narrow region (since the same  line and converge to flow through equator. In a particular bay the
volume of water is being forced tothe narrow opening. When the  size of this diurnal signal (com-
flow through a smaller cross- flow reverses, however, the flow pared with the usually dominant
section, it must flow faster). This from the narrow section enters thesemidiurnal tidal signal) also
can be especially dramatic if therewider southern area like a jet, withdepends on the dimensions of the
is a sudden decrease in width andthe fast flows in the center. There basin. A particular bay could have
depth. The largest tidal currents  is nothing to directly slow the ~ a natural period of oscillation that
are found in narrow straits in flow that had been moving north is closer to the diurnal tidal period
which the tides at either end have close to the coast, and, even whilgapproximately 24.84 hours) than
different ranges or times of high the flow in the center is toward theto the semidiurnal period. Thus,
water. south, that coastal flow’s inertia  the diurnal forcing at the entrance
keeps it going northward, until the to the bay could be amplified more
Where a strait suddenly becomes land forces it to the west to join  than the semidiurnal signal.

very narrow and/or shallow, or  with the southerly flow, thus Depending on the size of the
where it bends or has irregularitieforming the circular flow of the  diurnal signal at the entrance the
in the bottom, eddies can be whirlpool. It is this sheltering result could be a mixed tide or a

formed. Where the tidal currents effect of the point of land that ~ diurnal tide. At such locations
are very strong, a much stronger creates the whirlpool, but in other (such as parts of the Gulf of

and longer lasting whirlpool cases some well placed large rockislexico) the tide will be diurnal
(strong enough to overturn small in the fast tidal flow could have a near times of maximum lunar
boats) can be formed. To envisionsimilar effect. declination, but will be

one way in which such a whirl- semidiurnal near times when the

pool can be created look at Figureln our December 1998 column wemoon is over the equator.
3. When the tidal flow from the  explained the origin of a diurnal

Continued on Page 21
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S
Tides in Shallow Water its period is twice as long. When aof the bay). Thus near the head of
Continued from Page 20 waterway is shallow enough and the waterway the tide could be

. _long enough so that more than % semidiurnal, but near the

The wavelength of a tide wave in o 5 semidiurnal wavelength fits insemidiurnal nodal area the tide

a bay depends on the depth of theyhe waterway, there will be a nodatould be mixed or even diurnal.
water and on the tidal period. The 5re4 with a very small semidiurnalThis is the case near Victoria,
shallower the bay the shorter the jqa| range. This will be an area  British Columbia, at the southeast-
wavelength. The longer the tidal  \yhere the diurnal tide could ern end of Vancouver Island (see
period the longer the wavelength. gominate (the diurnal tide would Figure 4). At that location along

A diurnal tidal component has &  gj|| pe large at the semidiurnal  the Strait of Georgia-Strait of Juan
wavelength twice as longasa  nodal area, since the diurnal nodede Fuca waterway, the semidiurnal
semidiurnal tidal component sincei|| pe twice as far from the head

Continued on Page 22

M, Tidal Range 50

Dashed lines indicate lower reliability.

m 49"

1 Strait of
71 Juan de Fuca

T o 48

125° Y 124" S 123 12z

Figure 4. The ratio of the diurnal component of the tide (K) to the semidiurnal component of the tide (M) along
the length of the Strait of Georgia-Strait of Juan de Fuca. The highest ratio of diurnal range to semidiurnal range
occurs near Victoria, British Columbia, because that is the area of the semidiurnal node (minimum Midal

range), which is % of a semidiurnal tidal wavelength from the northern end of the Strait of Georgia.
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Tides in Shallow Water closer to the tidal period.] How-  Figure 5, with a more rapid rise to
Continued from Page 21 ever, very shallow water can have high water and a slower fall to low
other effects on the tide, for water. It can also modify the tidal

tidal component decreases to a  example, distorting the shape of current so that the flood current is

minimum, but the diurnal compo- the tide wave, that is, making it~ stronger, but lasts a shorter time

nent does not, and so the tide  yary asymmetric, so that its rise  than the ebb current.

becomes diurnal (while atthe  gnq fall (and its flood and ebb) are

northern end of the Strait of no longer equal (see the second Another shallow water distorting

Georgia the tide is semidiurnal).  cyrye in Figure 5). The tide can  mechanism depends on friction,
then no longer be described by a which can have both asymmetric

Whether due to a basin size simple cosine wave (the first curveand symmetric effects. The
conducive to amplifying the in Figure 5). In some cases such asymmetric effect (similar to that
diurnal signal in the tide and/or  gistortion leads to double high  just discussed and represented in
due to the existence ofa waters or double low waters (see Figure 5) results because friction
semidiurnal nodal area (leaving  third curve in Figure 5). The has a greater effect in shallow

the diurnal signal as the dominanteyireme case of distortion isa  water than in deep water, and so it
one), there are numerous areas  tida| hore (the fourth curve in slows down the trough more than
around the world with strong Figure 5). the crest. A symmetric effect
diurnal tides—places like Norton results because energy loss due to

Sound in Alaska near the Bering How does shallow-water distort ~ friction is proportional to the
Strait and various (butnotall) e tide? The speed at whicha  square of the current. This means
Iocgtlons in the P_hlllpplne& New long wave (like the tide) travels that there will be much more
Guinea, and the islands of Indoneqepends on the depth of the waterenergy loss during times of

sia. In southern China, at Beihai, it is directly proportional to (the ~maximum flood and maximum
and at Do Son, Vietnam, the square root of) the depth. When ebb than near slacks. This effect,
diurnal signal is dominant, with  4epth of the water is much greatercombined with the asymmetric
tidal ranges that reach 15 feet andnan the tidal range, the speed of effect, can lead to double high or
10 feet respectively (near times Ofthe crest of a tide wave and the  low waters (see third curve in
maximum southern declination of gpeeq of the trough are virtually ~ Figure 5).

the moon); the tide even remains he same, since the tide wave itself

diurnal even nears times when they a5 only a very small effect on theFriction, of course, dissipates

moon is over the equator. total water depth. But in the energy from the entire wave and
_ shallow waters of bays and rivers slowly wears the entire wave
The primary effect of shallow where the depth is not much down. However, if, as the wave

water on the tide that we have  greater than the tidal range, the ~ propagates up the river, the river's
discussed so far is that it shortensiga| water depth under the crest isvidth is decreasing significantly,
the tidal wavelength down to the ' |5yger than the total water depth this can keep the amplitude of the
same order of magnlt.ude as 'Fhe under the trough. In this case, the wave high in spite of the friction.
lengths of bays and river basins, crest of the wave (i.e., high water)Thus, the tide wave can continue
thus bringing the dynamic situa-  travels faster than the trough of  to travel up a narrowing river,

tion closer to resonance and the wave (i.e., low water). If the  getting more and more distorted in
increasing the tidal ranges. [Or,  tige wave travels far enough the shape.

one can also look atitfromthe  ¢rest begins to catch up with the

point of view of the shallower  toygh ahead of it (which is falling In a river there will also be the

depths increasing the natural  pehind the crest ahead of it). The river current itself (resulting from
periods of these bays and rivers  ghane of the tide wave begins to fresh water flowing downhill)
(which are very small basins look like the second curve in

compared to the ocean) to be Continued on Page 23
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Tides in Shallow Water
Continued from Page 22

added onto the tidal current. This
will make the ebb current faster
and last longer, while producing a
shorter slower flood current phase.
Far up a river where the river flow
is faster than the strongest tidal
current, the flow of water will
always be downstream, but the
speed of flow will oscillate,

flowing the fastest downstream at
the time of maximum ebb for the
tidal current and flowing the
slowest downstream at the time of
maximum flood for the tidal
current. This is a simple addition
to the tide, but the river flow also
interacts with the tide and distorts
it; this interaction is caused by
friction. As just mentioned, energy
loss due to friction is proportional
to the square of the total current.
When the river current, flowing in
the same direction as the ebb
current, creates a larger combined
ebb current, there is a greatly
increased energy loss. Likewise,
when the river current, flowing
opposite to the flood current,
reduces the total speed, the energy
loss is greatly reduced. This not
only has an asymmetric effect that
distorts the tide (causing a faster
rise to high water and delaying the
time of low water), but it also
further wears down the entire
wave because the increased energy
loss during ebb is out weighs the
decreased energy loss during
flood.

Oceanographers refer to these
various shallow-water effects on
the tide asonlineareffects,

Continued on Page 24
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Figure 5. Typical tide curves (i.e., tidal height
changing with time, over 1% tidal cycles) for an
area with no shallow-water effects (top panel) and
three areas with different degrees of distortion
caused by the shallow water. In the third panel a
double low water occurs. The fourth panel shows
the almost instantaneous rise in water level due to
the passage of a tidal bore.
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Tides in Shallow Water only recently starting to be in China about the bore was that
Continued from Page 23 understood). Tidal bores occur in around the 5th century a virtuous

_ _ rivers with dramatically decreas- minister, named Wu Tzu-Hsu, was
referring to the mathematical jng widths and very large tidal  unjustly killed by his prince and

representation of the hydrodynamyanges at the mouth. They have  then thrown into the river. The

ics. When one property depends peen written about throughout  vengeful spirit of Wu Tzu-Hsu
directly on another property that ishjstory. One of the most famous caused the bore, rousing the waves
alinear relationship; for example, \yas the tidal bore that almost  to the their periodic wrath and

if energy (E) was directly propor-  gestroyed the army of Alexander havoc. At the mid-autumn full
tional to the speed (u) of the  the Great in the Indus River of ~ moon (“the 18th day of the 8th
current (e.g., E = ku, where kis  |nqja jn 325 B.C. The oldest tide month”) when the bore was very
some constant). Ina nonlinear  tap|e (for which a copy still exists)great, people from hundreds of
relationship energy might be was produced by the Chinese to miles away would gather on the
directly proportional to the square preict the occurrence of the tidal shore and watch boatmen and

of the Speed (e.g., E= R_)J bore in the Tsientang River. The fishermen plunge against the wave
When relationships are linear,  apje was carved in stone on the and others swim in the river with
different components or phenom- zhejiang Ting pavilion on the flags in their hands to meet Tzu-
ena simply add together—they  pank of the Tsientang at Yanguan.Hsu . Since many people were
don't affect each other. But when A printed version was produced inoften drowned during this festival,
relationships are nonlinear, 1056 A.D., 200 years before the governors as early as the 11th
various phenomena interact and  gaiest known printed European century tried to ban the activity,
change each other. The discussiofde table, for London Bridge in  but to no avail, and the festival
above about the river current  Epgjand. continued into the 19th century.
simply adding onto the tidal

current to create faster ebb cur- - Ancient Chinese scientists appearSurprisingly, those 1056 A.D. tide
rents and slower flood currents 1 have understood that the bore tables still do a fairly good job of
was actually a linear approxima- - was caused by the tide and that theredicting the occurrence of the
tion for what goes on. Frictional  tige was connected with the moonbore today, which is amazing since
energy being proportional t6 U ang sun (described as early as theiver conditions have probably
causes the interaction of the river first century by Wang Chung).  changed many times since the 11th
flow with the tide that distorts it powever, the Chinese population century. In other rivers around the
and reduces its tidal range. An-  had many legends to explain the world, changing river conditions
other type of nonlinear shallow-  pore, and religious significance  have eliminated bores that used to
water effect causes interactions yas given to the times when the exist. There is, for example, no
between storm surge (generated Byore was largest and went the  longer a bore in the Indus River,
the wind) and the tide. In this caseg thest up the river (such as at  nor in the Seine River in France
when the water level is raised by gpring tides). Their imaginations (where a bore killed Victor Hugo’s
the wind, that increases the water yere stimulated not just by the  daughter), nor in the Colorado

depth and changes the tidal huge wall of water moving swiftly River in the U.S., nor in several
dynamics, usually increasing the p the river (and capsizing any  other rivers where dams or
tidal range. Chinese junks which had not dredging have changed the

_ managed to get to the safety of thénydrodynamics.
As already mentioned, the extrem@pecially built shelters along the
case of tidal distortion is the tidal shoreline), but also by the thun-  Bruce Parker is the Chief of the
bore, in which most of the above gerous roar that could be heard  Coast Survey Development
discussed nonlinear effects  hjje the bore was still miles Laboratory, National Ocean
combine in a complex way (that is g ay. The longest lasting legend Service, NOAAL

24 Mariners Weather Log



o=~ <h Marine Weather Review

some Technical Terms Used in This Month’s Marine Weather
Reviews

Isobars. Lines drawn on a surface weather map which connect points of equal atmospheric pressure.

Trough: An area of low pressure in which the isobars are elongated instead of circular. Inclement weather
often occurs in a trough.

Short Wave Trough: Specifies a moving low or front as seen in upper air (constant pressure) weather charts.
They are recog-nized by characteristic short wavelength (hence short wave) and wavelike bends or kinks in
the constant pressure lines of the upper air chart.

Digging Short Wave Upper air short waves and waves of longer wavelength (long waves) interact with one
another and have a major impact on weather systems. Short waves tend to move more rapidly than longer
waves. A digging short wave is one that is moving into a slower moving long wave. This often results in a
develop-ing or strengthening low pressure or storm system.

Closed Low A low which has developed a closed circulation with one or more isobars encircling the low.
This is a sign that the low is strengthening.

Cutoff Low: A closed low or trough which has become detached from the prevailing flow it had previously
been connected to (becoming cutoff from it).

Blocking High Pressure A usually well developed, stationary or slow moving area of high pressure which
can act to deflect or obstruct other weather systems. The motion of other weather systems can be impeded,
stopped completely, or forced to split around the blocking High Pressure Area.

Frontal Low Pressure Wave refers to an area of low pressure which has formed along a front.

Tropical Wave or Depression An area of low pressure that originates over the tropical ocean and may be
the early stage of a hurricane. Often marked by thunderstorm or convective cloud activity. Winds up to 33
knots.

Wind Shear. Refers to sharp changes in wind speed and/or direction over short distances, either vertically or
horizontally. It is a major hazard to aviation. Wind shear above Tropical depressions or storms will impede
their development into hurricanes.

Closed off Surface Circulation Similar to a closed low. Refers to a surface low with one or more closed
isobars. When there are falling pressures, the low is considered to be strengthening.
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Marine Weather Review
North Atlantic Area
April through August 1999

George Bancroft
Meteorologist
Marine Prediction Center

North Atlantic experienced other lows to the west, each with hours later showing up to 11 meter
its most active weather in its surge of arctic air, were factors seas (36 ft) south of the center.
April. An upper level low was in this development. Note the first
persistent near or just east of surge of arctic air south of New- The low approaching the Great
Newfoundland, steering develop- foundland with a 50 kt ship report Lakes in the second analysis of
ing low pressure systems off the at 39N 55W. This is an area of  Figure 1 moves southeast of Nova

I ike the North Pacific, the  Figure 1). The absorption of three the figure is a sea state analysis 24

U.S. East Coast or Canadian heavy ship traffic; and the maxi- Scotia in Figure 2 with a strong
Maritimes and then east or north- mum seas generated were the  surge of arctic air behind it, and
east toward Europe. Many of theséighest in the North Atlantic good support aloft from the

lows developed storm force windsduring this period. The second  digging short wave troughs at 500
(52 knots or greater). A large surface chart in Figure 1 shows mb. The central pressure dropped
storm system formed at 43N 44W the system at maximum intensity to 976 mb by 0600 UTC 6 April,
on 2 April (first surface chart on 3 April, and the third part of  just southeast of Cape Race, but

Continued on Page 27
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North Atlantic Area
Continued from Page 26

the 18 hour period ending at 0600

much of the intensification was in )FVA/%

UTC 5 April. The highest wind e / 7
report from a ship was a south LH (
wind of 50 kt near 43N 43W at
0000 UTC 6 April. The storm then —
moved northeast and slowly R
weakened. The cold air pouring
south over relatively warm water
behind this system had consider- a

able effect on the sea surface, and // /
seas were up to 9 meters (29 feet) /
west of the low in spite of limited

fetch (see sea state analysis in
Figure 2).

)

13
I~
a

Fdr

In mid April the upper low near
Newfoundland moved northeast,
allowing rapid movement of
systems from off the U.S. East
Coast across the Atlantic with
intensification. Figure 3 shows the
development of the most intense
low of the five-month period, in
terms of central pressure. This fast
moving system strengthened
rapidly as it approached the
British Isles, with the central
pressure dropping 25 mb in the
24-hour period ending at 0600
UTC 20 April. The third analysis
in Figure 3 shows this system at
peak intensity of 964 mb. This
was the only storm in either ocean
to drop below 970 mb during the
period of this report. There were
two ship reports with west winds
of 50 kt along 50N south of the
center, one at 1800 UTC 19 April
and the other at 0600 UTC 20
April, and reported seas were up

Figure 1. Series of two MPC North Atlantic surface analyses valid 0600

Continued on Page 35 UTC 01 April and 1200 UTC 02 April 1999; plus a sea state analysis
valid 1200 UTC 03 April 1999, or 24 hours after valid time of second
surface analysis.
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ATLANTIC SURFACE ANALYSIS ATLANTIC SURFACE ANALYSIS
VALID: 12 UTC 04 APR 1999
FCSTR: CHESNEAU IQ \gchglb: 12 UTC 05 APR 1999

I|\"‘\

[l

AN\ /-
¥E FE TN N \RA /S

/T

Figure 2. Series of two MPC Part Il North

Atlantic surface analyses valid 1200 UTC 04

April and 1200 UTC 05 April 1999; plus 500-
millibar analysis valid 0000 UTC 05 April 1999

(or between the two surface analysis valid times)
and a sea state analysis valid 1200 UTC 05 April
1999 (same valid time as second surface analysis).
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Figure 3. Series of three MPC North Atlantic surface analyses valid at 1200
UTC on each of the dates April 18, 19, and 20, 1999. Development of
eastern North Atlantic storm is shown.
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Figure 8. GOES-8 infrared satellite image valid at 1145 UTC 30 August 1999 (or about 12 hours prior to valid time of first sade
analysis in Figure 7). Hurricanes Dennis (near North Carolina coast) and Cindy (near 35N 54W) are shown.
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North Atlantic Area from 47N 32W with a pressure of several days off the North Caro-
Continued from Page 27 984.9 millibars. The same ship at lina coast before moving inland

0000 UTC 28 July reported 8.5 over North Carolina by Labor Day
to 7 meters (24 ft) south of the  meter seas (28 ft) south of the  weekend. Frying Pan Shoals near

center. center near 46N 34W, the highest the southeast coast of North

_ _ seas reported with this system.  Carolina reported a north wind 80
The upper air steering pattern- kt with gusts to 97 kt at 1000 UTC
und.erwen_t rapid changes late in Tropical Activity 30 August with the passage of
April and into May as a strong Dennis. Seas reached 9 meters (31

upper level ridge developed over The first tropical cyclone of the ) at Frying Pan Shoals prior to
the middle of the Atlantic. It then Atlantic hurricane seasonwas i« 2+ 9200 UTC 30 August.
retrogressed (shifted westward) toTropical Storm Arlene, which Buc;y 41004(32.5N 79W) re-

near the U.S. East Coast in early drifted slowly north from near ported northwest wind 51 kt with
May. This shut off the flow of low 60W and 31N over a one week gusts of 72 kt at 0400 UTC 30
pressure systems off the East period in the middle of June. It August. Seas reached 11 meters
Coast, except for the formation, atdissipated northeast of Bermuda (37 ft) at buoyd1002(32N 75W)
the end of April, of a cutoff low ~ on June 18. at 1200 UTC on 30 August. The
which lingered off the southeast _ pressure dropped to as low as 976
U.S. coast for several days. The After Arlene, there was no tropical ;) 4 buoy1001(35N 73W) as
stronger activity shifted to the cyclone activity until late August, pannis moved just to the north at
eastern Atlantic early in May when Hurricanes Cindy and 0400 UTC 31 August. Seas were
where a large and complex low ~ Dennis moved into the areaat 4 5 meters (34 ft) at this buoy.
formed. The surface and 500 mb about the same time. Figure 7 TheZim USA (4XFO) reported
charts in Figure 4 show a gale  shows Hurricane Cindy at 0000 o 30N 76W with a south wind

center near 51N 21W which UTC 31 August approaching a 60 kt at 0600 UTC on 30 August.
intensified even more as a 500 mifrontal zone to the north, and then
short wave trough triggered becoming an extratropical storm Figure 8 is a GOESS infrared

redevelopment on the cold front to24 hours later. At 500 mb, Cindy ¢atqiite image of Hurricanes
the south of the main center. The appears as a weak 500 mb low at cjn gy and Dennis valid 1145 UTC
new low is shown in the second 38N 53W that is picked upby a 3 August (about 12 hours prior to
surface analysis (1200 UTC 9 strong short wave trough ap- the map time in the first surface
May), absorbing the old center. ~ proaching from the northwest. Theanalysis of Figure 7). An eye is
The central pressure dropped to shipFidelio (WQVY) reported a | isipje only in Dennis. As the
970 mb, the lowest pressure in thenorth wind 60 kt on the back side g0 intive tropical cyclone labels
North Atlantic for May. The sea  of the extratropical storm at 0000 ;, Figure 7 indicate, Dennis was
state analysis for 1200 UTC 9 UTC 1 September. Hurricane somewhat stronger than Cindy at
May in Figure 4 shows maximum Dennis moved northeast just off 5455 jT¢ 31 August.
seas of 10 meters (33 ft) near the the coast of the Carolinas on
strong cold front associated with August 30 and 31, and then Reference
this system. became “trapped” by a building

high pressure ridge at the surface Sienkiewicz, J. and Chesneau, L.,
The westerly upper level flow and aloft to the north and north- Mariner’s Guide to the 500-
0600 UTC 27 July the shisFPM east. Dennis weakened to a Millibar Chart (Mariners Weather
(name not available) reported tropical storm and stalled for Log, Winter 1995)t.
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Marine Weather Review
North Pacific Area
April through August 1999

George Bancroft
Meteorologist
Marine Prediction Center

North Pacific was quite the most active part of the April to The second surface analysis chart
active in April with marked August period in terms of storm  in Figure 1 shows the system at
northern and southern branches otlevelopments. The storm that maximum intensity with ship
the jet stream, more typical of latedeveloped over the northern reports of 50 to 65 kt wind on the
winter. There were two storm Kurile Islands early on 3 April and south and southwest sides of the
tracks: (1) east or northeast acrogsoved into the Bering Sea on 4 center. TheMargrethe Maersk
the Bering Sea and into the Gulf April was the strongest of the five-(OYSN2) reported a northwest
of Alaska, and (2) a southern month period in terms of central wind of 65 kt and 15 meter (49 ft)
track, from near Japan toward the pressure, winds, and seas. The 50§as near 49N 159E. To the
Gulf of Alaska. The storms then mb charts in Figure 1 show a southeast, th&olden Gate
turned southeast or redeveloped strong short wave trough and jet Bridge (3FWM4) reported a west
over the western U.S. Many of  stream winds of 100 kt or more  wind of 55 kt and 9 meter seas (30
these low pressure systems which supported this developmentft). Figure 2 is an infrared satellite
attained storm strength (wind (an article with a complete de-  image valid for 4 April with ship
speed 52 knots or greater, Beau- scription of the relationship of reports plotted. One can see that
fort force 10 or greater) in April.  surface and 500 mb level features

The weather pattern over theFigure 1 depicts what was perhap$s mentioned in the References).

Continued on Page 49
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Figure 1. Series of three MPC Pacific surface analysis charts valid at 1200 UTC 03 April, 0000 UTC 04 April and
1200 UTC 04 April 1999. The 500-millibar charts (model-generated 12-hour forecasts with short wave troughs
manually added) are valid 1200 UTC 03 April and 1200 UTC 04 April, matching the valid times of the first and
third surface analyses.
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140 10 160 170

Figure 2. Composite GMS and GOES10 infrared satellite image of western Pacific storm with ship data plotted.
Valid time is 0015 UTC 04 April 1999.
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Figure 3. GOES-10 infrared satellite image of Gulf of Alaska storm valid at 0015 UTC 04 April 1999.
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Figure 5. MPC Part Il Pacific Surface Analysis and Sea State Analysis valid 0000 UTC 22 April 1999; plus a GMS
infrared satellite image of western North Pacific storm valid 1145 UTC 22 April 1999.
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Figure 6. Series of two MPC Pacific surface analyses valid at 0600 UTC May 5 and 0600 UTC May 6, 1999.
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Figure 7. Series of two MPC Pacific surface analyses valid at 1200 UTC May 11 and 1200 UTC May 12, 1999.
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Figure 8. Series of 500-millibar analysis charts (actually model-generated 6-hour forecast with short wave troughs
manually added) valid at 0000 UTC 11 June and 1200 UTC 12 June 1999. Also see Figure 9.
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Figure 9. Series of three MPC Pacific surface analyses valid at 1800 UTC

on each of the dates June 10, 11, and 12, 1999.
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North Pacific Area continued until 7 April as the Gulf seas (24 ft) near 34N 159E. Seas
Continued from Page 36 of Alaska storm moved southeast up to 8.5 meters (29 ft) were

_ . and inland over California. analyzed by the Marine Prediction
the stronger winds are associated Center MPC) closer to the center
with the frontal cloud band Another developing storm fol-  as shown in the second part of

wrapping around the west side of |oyed the northern storm track  Figure 5, a sea state analysis. The
the center and cold air entering thgng moved east into the Bering  third part of Figure 5 is an infrared
system to the south and southeasigea py 15 April and is depicted in satellite image showing a mature
(marked by cumulus type clouds). rigyre 4. The first surface analysistorm almost 12 hours later with a
The eastern storm shown in Figurghos the storm at maximum ~ well defined circulation even in

1 rapidly developed as two 500 iptensity with 970 mb central the higher clouds.

mb short wave troughs shown in - pressyre, as intense as the afore-

the first panel combined to form & mentioned 4 April western Pacific In May, the pattern remained
closed low which moved through  storm. Storm force winds were  active as in April, but with the

the upper ridge in the Gulfof  mainly in the cold air north and ~ stronger activity and occurrence of
Alaska. The surface analyses in et of the center in an area of  storm force winds north of 40N.
Figure 1 show this developing  gparse ship data. The second  The beginning of the month was
storm breaking off from another  anaiysis in Figure 4 shows the  more active than the end as the
system to the south near 37N storm with a circulation covering westerlies shifted north and

164W and moving into the Gulf of yych of the area north of 40N.  became less amplified as would be
Alaska. The central pressure There is one ship report of 55 kt expected with the approach of
dropped 17 mb from 1001 mb 10 wind west of the center. The stormsummer. The most noteworthy
984 mb in the six-hour period  \yeakened to a gale as it crossed developments were early in the
ending at 0000 UTC 4 April. ~ the central Aleutians on the April month on both sides of the ocean,
Figure 3 is a GOES-10 satellite 17, producing storm force winds.
infrared image of this storm as it Figure 6 depicts the development
approached maximum intensity, The southern storm track off Japanf the eastern system from a

with the time of the image the  pecame more active by mid April frontal low pressure wave which
same as the second analysis in  ith Jow pressure systems track- was originally cut off at southern
Figure 1. Whiter shades of color  jng mainly east between 30N and latitudes south of a large high to

in the image denote colder 40N over the western Pacific, therthe northwest, but rapidly intensi-
(higher) clouds, which appear  northeast later in the month as ~ fied as it absorbed a cold low in

wrapping around the west side of pjocking high pressure to the the Gulf of Alaska. This develop-
this vigorous system. Also shown portheast weakened. The strongeshent qualifies as a “bomb” as the
in Figure 1, northwest gales off  f these is shown in Figure 5, central pressure is shown falling

the U.S. west coast were the resullaining a central pressure of 98127 mb in the 24-hour period

of the pressure gradient setup  mp at 0000 UTC 22 April. The  covered by Figure 6. THgealand
between strong inland low pres-  shipS6PD(name not available) ~ Anchorage (KGTX ) was just

sure and high pressure to the westeported a northwest wind of 50 ktahead of the front off Vancouver
Note the 50 kt northwest wind off soythwest of the center near 39N Island at 0600 UTC 6 May and
Point Conception at 0000 UTC 4 153g while another ship, the reported a southeast wind of 50 kt

April from the CSL Cabo Saga Ocear{LAON4), reported a and 10 meter seas (34 ft). Only 12
(D5XH). Reported seas were 7 \yest wind of 45 kt and 7 meter
meters (24 ft). These conditions

Continued on Page 50
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North Pacific Area shows the evolving surface pattermropical Activity

Continued from Page 49 with a large surface gale center _ _
forming under the upper low. Figure 12 is a surface analysis

hours earlier this ship was at 52N Normally high pressure should be from late August, the most active

133W near the buoy#208 off the U.S. west coast at this timePart of the April to August period.

(52.5N 132.7W) and6147 of year. During the following The area was dominated by high

(51.8N 131.2W) which were week this pattern persisted with a Pressure south of 50N and the

reporting 4 meter seas (14 ft).  series of lows from the west whichwesterlies had retreated north, a
Much of this increase occurred in regyited in a strengthening of the More favorable situation for

the first six hours. A western large low to the east. The central tropical cyclones. There are

North Pacific developing storm is pressure of the large eastern low several such systems on the map.
shown in Figure 7, the result of  pottomed out at 975 mb at 0600 Among them, Tropical Storm

the merging of northern and UTC 12 June, which is between Tanya formed at 30N near the
southern lows. Much of the map times of the second and thirgdateline on 19 August and then
intensification occurred between paris of Figure 9. Widespread ~ drifted northwest, becoming a
analysis times in the figure, a dmpgales are evident from ship reportéyphoon late on the 20 August and
of 26 mb in 24 hours. The system fom the southern Gulf of Alaska Was the only tropical cyclone to

bottomed out at 972 mb 12 hours g thward. Maximum seas directly affect the high seas area
later at 0000 UTC 13 May near  rgached at least 8 meters (27 fty north of 30N and east of 160E
45N 176E which made it the south of the center as shown in th&uring the five-month period of
strongest of May. Late on 13 May, ¢a4 state analysis of Figure 10. this report. Figure 12 shows Tanya
this storm absorbed a second low at maximum intensity crossing the

that was to the southeast near 37Ny is usually the least stormy ~ Southwest corner of the area.
160W in Figure 7. A ship reported month in the North Pacific, and ~ 1anya later dissipated by the

a 50 kt east wind at 1200 UTC 13 3,1y 1999 was no exception. August 25 as it recurved back east
May near 47N 162W (not shown August brought a pickup in of 160E. In Figure 12, tropical

gradient between the second low |atitydes, especially late in the ~ Merged with a front to the north

and the strong ridge to the north. month with the approach of fall. @nd moved into the high seas area
Figure 11 shows a development of'S an extratropical gale on 26

The main track of low pressure 6 first extratropical low of the August. The gale center shown in

systems continued to shift north  geas0n classified by the Marine  Figure 11 entering the Bering Sea

and weaken in June and July as iyrediction Center (MPC) asa  Was formerly tropical depression

normally the case, with the middlegiorm with a track and intensity  18W.

of June being the exception. By 1Qjmilar to the early May storm

June a blocking high pressure  ghown in Figure 6. ThRotomac
ridge developed over Alaska, Trader (WXBZ ), reported a west Reference

forcing a shift south in the wester-\yind of 45 kt from south of the

lies as shown in the 500 mb chartganter near 53N 138W at 1800
of Figure 8. An unusually strong  yTC 28 August.

upper low developed off the U.S.
West Coast by 12 June. Figure 9

Joe Sienkiewicz and Lee
ChesneauMariner’s Guide to the
500-Millibar Chart (Mariners
Weather Log, Winter 1995).
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Marine Weather Review
Tropical Atlantic And Tropical East Pacific Areas

May through August 19

Dr. Jack Beven
National Hurricane Center

Christopher Burr
Daniel Brown

99

Tropical Analysis and Forecast Branch

Tropical Prediction Center
Miami, Florida

I. Transfer of Offshore
Forecast Responsibility

At 1530 UTC Monday 3 April
2000, the Tropical Prediction
Center (TPC) will assume respon-
sibility for the Offshore Marine
Forecasts and Warnings currently

the forecasts/warnings and associer
ated changes in the World Meteo-Martin Nelson
rological Center (WMO) headers. ;ii?\gogg‘;aztzegr"&?
No changes will be made to the E-mail: martin@nhc.noaa.gov
areas covered by the forecasts/
warnings nor fo the issuance 1. introduction To
imes. The eader for the i «nifi

: Significant Weather
Southwest North Atlantic and ¢

prepared by the Weather Forecasicaribbean Forecast will change  La Nifia conditions continued,

Offices in Miami, Florida, and
New Orleans, Louisiana. The
products affected include:

o Offshore Marine Forecast for
the Southwest North Atlantic
south of 31N and west of 65W
and the Caribbean Sea.

e Offshore Marine Forecast for
the Gulf of Mexico.

The only changes being imple-
mented are the issuing office of

from FZUS62 KMFL to FZNT23 with some signs of weakening,
KNHC and the Gulf of Mexico through the period in the tropical
Forecast from FZUS64 KLIX to  Eastern Pacific. This allowed for a

FZNT24 KNHC. normal beginning of the Atlantic
hurricane season with below
Please direct any questions normal activity in the eastern
regarding the transfer to: Pacific Ocean. As is hormal for
this period, tropical weather
Christopher Burr systems were the dominant

Chief, Tropical Analysis and Forecast weather features
Branch (TAFB) '
Tropical Prediction Center

Phone: 305-229-4430 .
E-mail: burr@nhc.noaa.gov Continued on Page 53
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Tropical Prediction Center Tropical Depression Twa A Bret's small but intense core made
Continued from Page 51 westward-moving tropical wave landfall over a sparsely inhabited
o organized into a tropical depres- area, and shipping avoided the
11l Significant Weather of sion over the southwest Gulf of ~ storm. Thus, there are few surface
the Period Mexico on 2 July. Moving west-  reports of strong winds. Rincon
. . . ward, the 30 kt depression made del San Jose, Texas, reported 63 kt
A.Tropical Cyclones: Six tropical landfall about 35 n?n south- sustained winds, with the instru-

cyclones developed over the
Atlantic during the period, includ-
ing three hurricanes, two tropical
storms, and a tropical depression.
Eleven tropical cyclones formed
over the eastern Pacific basin,
including four hurricanes, two
tropical storms, and five tropical
depressions.

southeast of Tuxpan, Mexico, the ment there failing just before the

next day. It quickly dissipated overeye passed nearby. NOAA buoy

land. 42020reported 58 kt sustained
winds with gusts to 73 kt along

TheNuernberg Express(9VBK)  with a 982.9 mb pressure at 1900

reported northwest winds of 20-25UTC 22 August.

kt, which was instrumental in

determining that the depression Bret caused $60 million damage in

had formed. Rainfall totals over the United States, a remarkably

: Mexico ranged from 4 to 13 low total given that it was a
1. Atlantic X .
inches. There were no reports of Category 3 hurricane on the
damage or casualties. Saffir-Simpson scale at landfall.

The first tropical depression was
Arlene. She formed from a
complex weather system that
included a weak cold front, an
upper level low, and part of a

There were no reports of casual-
Hurricane Bret: A tropical wave ties.
moving westward from the
Yucatan Peninsula organized into Hurricane Cindy: A tropical
tropical wave about 465 nm a tropical depression over the Baywave moved off the African cc_Jast
southeast of Bermuda on 11 June©f Campeche on 18 August on 18 August and developed into a
(Figure 1), and became a tropical (Figu_re 1). The system drifted tropical depression about 250 nm
storm the next day as it moved erratically near 20N 95W for the east-southeast of the Cape \_/erde
toward the northeast. A westward N€Xt 24 hours as it became a Islands early the next day (Figure
turn occurred on 13 June as tropical storm. Bret started a 1). Upper-level wind shear slowed
Arlene reached a peak intensity of?0rthward motion on 20 August, further development as the depres-
50 kt. The westward motion and this continued the next day assion moved westward, an_d it was
continued the next day, followed it became a hurricane. Rapid late on 20 August befor_e it be-
by a slow northwestward track on intensification followed, and Bret came Tropical Stor_m Cindy.
15-16 June. Slow weakening also reached a peak intensity of 125 ktFurther strengthening occurred,
occurred during the time, and the With an aircraft-measured mini- and Cindy became a hurricane on
cyclone weakened to a depressiorf "M Pressure of944mbon22 22 August. _Th|s was sh_ort-llved,

August. A northwestward turn though, as increased wind shear
occurred on this day, which weakened Cindy back to a tropical
brought the eye of Bret to the storm later that day. The storm
coast of Kennedy County, Texas, changed little in strength for the
near 0000 UTC 23 August. The next several days as it turned
cyclone moved northwestward to west-northwestward on 23 August
westward after landfall, eventuallyand northwestward on 25 August.
dissipating over northern Mexico Decreased shear on 26 August
on 25 August. allowed Cindy to regain hurricane

strength, and it further strength-

while moving northward about
100 nm east of Bermuda on 17
June. The depression turned
northeastward before dissipating
about 240 nm northeast of Ber-
muda on 18 June.

There are no known ship reports
of tropical-storm force winds from
Arlene and no reports of damage

or casualties. Continued on Page 54
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Tropical Prediction Center force winds. ThéMineral Colum-  Tropical Storm Dennis later thgt
Continued from Page 53 bia (call sign unknown) reported day. Dennis slowed to an erratic

_ _ 62 kt winds and 9 meter (30 ft) ~ west-northwestward drift on 25
ened to a peak intensity of 120 kt seas at 0000 UTC 27 August, August, followed by a steadier

on 28 August (Figure 2). The il theChickadee Elkeschland west-northwestward motion on 26
hurricane turned northward at that(ca“ sign unknown) reported 37 ktAugust as it reached hurricane
point, passing about 325 nm east \yinds at 0600 UTC 26 August.  Strength. This track brought the

of Bermuda on 29 August. A There were no reports of damage hurricane near or just east of the
northeastward turn occurred later . .osyatties. eastern Bahamas, with the eye
that day. Cindy continued toward passing over the Abaco island

the northeast and weakened for thg, ricane Dennis: A west- group about 0700 UTC 28 August.

rest of its life. It dropped below o ihwestward-moving tropical ~ Dennis reached a peak intensity of

hurricane strength on 31 August e hecame better organized 90 kt later that day (Figure 2) and

and was absorbed into a large north of Puerto Rico on 23 Au-  maintained it through 30 August.

extratropical low later that day gust. The system developed into aThe lowest minimum central

about 850 nm west of the Azores. tropical depression early the next pressure measured by a Hurricane
_ day about 190 nm east of Turks Hunter aircraft during this time

A few ships were close enough to |54 (Figure 1) and became  was 962 mb on 30 August. The

Cindy to experience tropical-storm hurricane turned northward on 29

August and east-northeastward on

30 August, following a course

Table 1. Selected sggrgl:zi;vg;);si :fz ZOIELC;::??; oAruggr;;telrg \;Vglflds associated with g fa::‘lja]! ellJ:]ci)tter:je Sst(; l:;'; e Z?tteh rg :rc: gs(;f

August, Dennis was east-southeast

of Cape Hatteras, North Carolina,

Sealand Crusader |  24/0600 210 67.0 13035 o115 and in the process of stalling.
Iver Express 24/1800 232 74.6 010/39 1012.0
Jo Sypress 26/1500 259 730 120139 10125 Although Dennis did not make
Nomzi 27/0300 259 740 090/45 1010.0 landfall in the United States
Morelos 28/2100 26.2 744 17034 1007.0 during the period, the center
Nedlloyd Holland 29/0000 278 792 340/42 1002.0 passed close enough to the North
Torm Freya 29/0600 25 748 150/48 1005.0 Carolina coast to bring tropical
Star Hidra 29/0600 29.8 76.5 120156 999.3 storm force er.]dS. The maximum
Star Hidra 29/0900 297 76.4 150156 999.5 repqrted sustained winds were 53
Zim US.A. 30/0600 318 75.5 180/65 999.0 kt with gl_JStS t(_) & kt_ at Oregon
Zim U.S.A. 30/0900 323 75.0 180/65 1000.0 Inlet, while Wrightsville Beach
OOCL Fair 30/0900 327 743 180/50 1002.0 repPrted a gust to 96 kt. Amateur
SHIP 3071200 36.9 75.0 040/40 1014.5 .I‘adIO reports _from the Abaco
OOCL Fair 30/1500 32.1 74.6 210/50 1002.0 !Sla_nd group in the Bahamas
- indicated 50 to 55 kt sustained
OOCL Fair 30/1800 320 75.0 260/55 1006.0 . ;
— winds with gusts of 60 to 65 kt as
Inspiration 30/2100 35.6 726 090/55 1002.5
the eye passed over.
Barbet Arrow 31/1200 325 71.5 240/40 1009.2
Stonewall Jack 31/1200 35 717 230/55 1003.5 . . .
O"e::l L The large circulation of Dennis
d . .
Per;)r;’;nce 31/1200 35.1 70.1 160/45 1005.0 affected many ships, with selected
Barbet Arrow 31/1800 324 72.3 250/40 1015.0 ship observations included in
Edyth L. 31/1800 34.8 75.1 310/55 1005.7

Continued on Page 55
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Tropical Prediction Center
Continued from Page 54

between 19-23 August. The

_ tropical depression and tropical
Table 1. Thezim U.S.A. (4XFO)

reported 65 kt winds and a 999.0
mb pressure at 0600 UTC 30
August. Additionally, Dennis
affected many of the NOAA buoySqay with an aircraft-measured
and Coastal Marine Automated
Network (C-MAN) stations near
the southeastern United States ward on 24-25 August with a

coast. The C-MAN station at ~ slight weakening due to upper-
Frying Pan Shoals, North Carolinggye| shear caused by Hurricane

east of the southern Windward

system organized and became a

ol== <% Marine Weather Review

2. Eastern Pacific

Hurricane Adrian : Adrian

storm on 24 August about 360 nmformed as a tropical depression

about 225 nm southeast of

Islands (Figure 1). Emily reached Acapulco, Mexico on 18 June
a peak intensity of 45 kt later that (Figure 3). It moved west-north-

westward and became a tropical

minimum central pressure of 1004storm later that da<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>